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Introduction
Enantiomeric recognition as a special case of molecular recognition is a ubiquitous and vital phenomenon in Nature. Examples of its action include the metabolism of single enantiomeric forms of amino acids and sugars in biosynthetic pathways. Since the individual enantiomers of a biologically active compound may have different pharmacological and toxicological properties, the determination of the enantiomeric composition of organic compounds has great importance.
Carboxyl group is a particularly common functional group present in amino acids, enzymes, metabolic intermediates and several pharmaceutical molecules. Therefore, the synthesis and studies of sensor and selector molecules capable of discriminating the enantiomers of chiral carboxylic They found that the latter sensor molecules showed the highest enantioselectivity for the enantiomers of the tetrabutylammonium salt of tert-butoxycarbonylprotected alanine.
In this paper we report the synthesis of a novel 5,5-dioxophenothiazine bis(thiourea) containing tetra-O-acetyl--D-glucopyranosyl groups (1, Scheme 1) and the studies on its enantiomeric recognition ability toward the enantiomers of different optically active tetrabutylammonium carboxylates in acetonitrile.
Results and discussion

Synthesis
The synthesis of new optically active phenothiazine bis(thiourea) 1 was carried out as outlined in Scheme 1. Diamine 2 11 was reacted with tetra-O-acetyl--D-glucopyranosyl isothiocyanate 3 12 in pyridine to give bis(thiourea) derivative 1. Scheme 1. Synthesis of receptor 1.
Anion recognition studies
The enantiomeric recognition ability of receptor 1 was studied in acetonitrile toward the enantiomers of tetrabutylammonium salts of mandelic acid (Man), tert-butoxycarbonyl-protected phenylglycine (Boc-Phg), tert-butoxycarbonyl-protected phenylalanine (Boc-Phe) and tertbutoxycarbonyl-protected alanine (Boc-Ala) ( Fig. 1 ) using UV-vis spectroscopy. Upon addition of carboxylate anions only complex formation could be observed ( Fig. 3 ) and all the titration series of spectra could be fitted satisfactorily assuming 1:1 complex formation (Table   1 ). The results in Table 1 show that the groups at the stereogenic centres had reasonable effect on enantioselectivity. Moderate enantiomeric discrimination was observed in the cases of Boc-Phg and
Man having an aromatic moiety (phenyl group) directly attached to their stereogenic centres. If the phenyl group is connected to the stereogenic centre by a methylene spacer (benzyl group in BocPhe), only poor enantiomeric recognition was experienced. Furthermore, there was no enantiomeric differentiation between the enantiomers of Boc-Ala, in which case an aliphatic group (methyl group) is the third substituent at the stereogenic centre. Receptor 1 formed relatively stable complexes with all the optically active tetrabutylammonium carboxylates studied, but the complex stability constants were slightly lower in the cases when a phenyl group was directly attached to the stereogenic centre (Boc-Phg and Man).
The effect of size of the protecting group on enantioselectivity was also examined in the case of Phg with the enantiomers of tetrabutylammonium salts of formyl-, acetyl-and pivaloyl-protected phenylglycine (Form-Phg, Ac-Phg and Piv-Phg, respectively, Fig. 4 ). With increasing bulkiness of the protecting group, the degree of enantiomeric differentation was increased (Table 2) . Same enantioselectivity was observed in the cases of Piv-Phg and Boc-Phg having protecting groups of similar sizes. Bulkiness of the protecting group had no significant effect on stability of the complexes.
Table 2
The effect of protecting groups of Phg derivatives on enantiomeric recognition by 1 In the case of Boc-Phg we also examined the enantiomeric recognition properties of receptor 1 in acetonitrile-d3 using 
Conclusion
We studied the enantiomeric recognition properties of the newly synthesized 5,5-dioxophenothiazine bis(thiourea) containing tetra-O-acetyl--D-glucopyranosyl groups (1) toward the enantiomers of tetrabutylammonium salts of optically active α-hydroxy and N-protected α-amino acids. We have shown that the type of the third group (methyl, benzyl or phenyl) at the stereogenic centre had a considerable effect on the enantioselectivity. The size of the protecting group (formyl, acetyl, pivaloyl or tert-butoxycarbonyl) of phenylglycine also influenced the enantiomeric discrimination.
Experimental
General
Starting materials were purchased from Sigma-Aldrich Corporation unless otherwise noted.
Silica gel 60 F254 (Merck) plates were used for TLC. Silica gel 60 (70-230 mesh, Merck) was used for column chromatography. Ratios of solvents for the eluents are given in volumes (mL/mL).
Solvents were dried and purified according to well established methods. 13 Evaporations were carried out under reduced pressure unless otherwise stated.
IR spectra were recorded on a Bruker Alpha-T FT-IR spectrometer. 1 H (500 MHz) NMR spectra were obtained on a Bruker DRX-500 Avance spectrometer. 1 H (300 MHz) and 13 C (75 MHz) NMR spectra were obtained on a Bruker 300 Avance spectrometer. Elemental analysis was performed in the Microanalytical Laboratory of the Department of Organic Chemistry, Institute for Chemistry, L. Eötvös University, Budapest, Hungary. The mass spectrum was recorded on an Agilent-1200 Quadrupole LC/MS instrument using ESI method. Melting points were taken on a Boetius micro-melting point apparatus and were uncorrected.
UV-vis spectra were taken on a Unicam UV4-100 spectrophotometer. Quartz cuvettes with path length of 1 cm and 4 cm were used. Enantiomers of mandelic acid and Boc-protected amino acids were purchased from Sigma-Aldrich Corporation. Enantiomers of formyl-protected phenylglycine 14 and acetyl-protected phenylglycine 15 were prepared in our laboratory. 
(2R)-and (2S)-[(2,2-dimethylpropanoyl)amino](phenyl)acetic acid
To a solution of (R)-or (S)-phenylglycine (1.512 g, 10 mmol) in 4% aqueous NaOH (30 mL)
was added pivaloyl chloride (1.568 g, 13 mmol), and the resulting mixture was stirred at rt overnight. The solution was acidified to pH 1 using concentrated aqueous HCl solution, and the precipitate was filtered off. The crude product was recrystallized from water to give the pure acids 
